To examine the annual rate and cumulative prevalence of statin use in Denmark 2004-10, including adherence of use and attainment of cholesterol targets.
Introduction
Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) were introduced in Denmark in 1990 and are currently recommended as a preventive treatment for men and women of all ages at high risk of cardiovascular events. 1 During the past two decades, statins have become one of the most commonly used groups of drugs worldwide. Between 1995 and 2012, 842,484 Danish individuals (the current population of Denmark is ∼5.6 million) filled at least one statin prescription at a community pharmacy, according to data from the Danish National Board of Health. 2 In the 1990s, there was a four-to fivefold increase in numbers of new patients who received statins. 3 The prevalence of statin use in Denmark was predicted to increase by over 300% between 2006 and 2012, 4 based on a continuous rise in new users after 2005. Compliance with statin treatment was rated high in Denmark in the 1990s, 5 but submit your manuscript | www.dovepress.com
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svensson et al others have raised concerns regarding persistence of use, with reports of a large number of dropouts in short-term studies. 6 While clinical studies often focus on middle-and low-risk populations, population-based studies may focus on real-life data, including high-risk populations. [7] [8] [9] [10] Clinical trials have demonstrated that the most widely prescribed statins (ie, simvastatin, atorvastatin, rosuvastatin, and pravastatin) for both primary and secondary prevention purposes reduce total plasma cholesterol and low-density lipoprotein (LDL) cholesterol; reductions of 0.5-2.26 mmol/L and 0.39-1.74 mmol/L for total and LDL cholesterol levels, respectively, were reported in a metaanalysis of 181 randomized controlled trials of statin. 11 On the other hand, the cholesterol level target attainment in routine clinical care is less well described, with somewhat inconsistent results. Among 2,227 elderly Medicare Advantage members in the US, 67%-94% reached the LDL cholesterol goal, depending on statin type prescribed. 7 In their study of 2,303 patients starting statins in the Netherlands, Heintjes et al 8 stratified cholesterol target attainment by patients' risk for cardiovascular disease; among high-risk patients, target attainment varied from 40% for patients on pravastatin to 81% for patients on rosuvastatin. In a population-based cohort study in Spain, 74% of patients did not attain their LDL cholesterol treatment goal after 3 years of follow-up. 9 In contrast, among 1,103 patients from community-based practices in Canada who filled prescriptions for statins, 73% achieved the target LDL cholesterol level. 10 In the current population-based study, we examined the rate of patients initiating statin use and the prevalence of use in Northern Denmark during 2004-10, a setting in which national guidelines recommend using simvastatin as first-line drug. We also aimed to investigate the adherence of use. In addition, we aim to examine changes in lipid values over time after statin initiation and determined the percentage of patients attaining treatment goals for cholesterol levels, stratified by risk groups, and whether statin type was switched.
Materials and methods setting
We conducted this study in Northern Denmark, encompassing approximately 1.8 million inhabitants. Denmark provides tax-funded universal access to primary and secondary health care, with no substantial out-of-pocket expenses and with partial reimbursement for most prescribed medications, including statins. Individual-level data from all Danish registries can be linked via the unique personal identifier (CPR number) assigned at birth by the Danish Civil Registration System (CRS). 12 
statin use
In Denmark, statins are available to outpatients only by prescriptions filled at community pharmacies. We retrieved all entries for redemption of a first prescription (index date) of a statin (ATC classification system: C10AA statins, C10BA statin + ezetimibe) in the Aarhus University Prescription Database. This is a research database of all reimbursed prescriptions filled at community pharmacies in Northern Denmark since 1998. 13 The study included all patients initiated on statins in 2004-10, excluding patients with a statin treatment 15 14 We obtained information about doses, such as the defined daily dose (DDD), and adherence to statin treatment, including medication possession ratio (MPR), switches among statin types, and persistence. DDD is given to each ATC code and is the assumed daily average maintenance dose when used for a main indication. Nonpersistence was defined as no reimbursements for new statin prescriptions during the time corresponding to all DDDs in the last prescribed package plus the following 6 months (180 days).
Demographic and clinical characteristics
The CRS contains electronic records of age, sex, vital status, and place of residence (address) for the entire Danish population since 1968, updated daily. 12 From the CRS, we retrieved information on sex, age, place of residence (urban/rural), marital status (married, never married, widowed/divorced), and vital status (alive, dead, emigrated).
From the Danish National Registry of Patients we obtained information on each patient's comorbidities, assessing the presence of major conditions based on the complete hospital contact history before start of statin use. From the Aarhus University Prescription Database we obtained information on comedications, including oral glucose-lowering drugs, antithrombotics, and oral anticoagulants. 
Cholesterol target attainment and risk groups
Based on international and national guidelines [16] [17] [18] [19] we defined three risk groups, based on availability of information in the hospital contact and prescription registries, and determined the achievement of target cholesterol levels in each group. The first group contained a very high-risk group of patients with a hospital-based diagnosis of cardiovascular disease, whose targets were ,1.8 mmol/L for LDL cholesterol and ,4 mmol/L for total cholesterol. The second group consisted of a high-risk group of patients with diabetes (receiving antidiabetic medications or with a history of hospitalization or outpatient care for diabetes), hypertension, or a diagnosis of familial dyslipidemia, whose targets were ,2.5 mmol/L for LDL cholesterol and ,4.5 mmol/L for total cholesterol. The third group contained the remaining patients with low to moderate risk, whose targets were ,3 mmol/L for LDL cholesterol and ,5 mmol/L for total cholesterol. This study was approved by the Danish Data Protection Agency (record number 2009-41-3866).
statistical analysis
We examined the rate and prevalence of statin use annually during 2004-10 and overall; annual person-years at risk in Northern Denmark for individuals aged 18-86 years (denominator) were obtained from Statistics Denmark. We examined the starting dose (mg) among new statin users by calendar year and type of statin. To measure adherence, we calculated average daily use in DDDs and MPR. We calculated the MPR as the ratio of days statin pills are supplied to days in the time interval to the next statin prescription (eg, 30 pills prescribed/40 days -MPR of 0.75) 20 and the persistence of use (see previous definition of nonpersistence).
We calculated the proportion of patients with different demographic and clinical characteristics at the time they filled their first statin prescription (index date). We created similar contingency tables for the subgroup of patients who switched to another statin type, at the time of their switch.
We also compared the characteristics of statin initiators with and without cholesterol measurements recorded in the Aarhus University Prescription Database.
For the 123,743 patients with at least one cholesterol measurement recorded prior to and at least one after their first statin prescription, we examined cholesterol values before and after start of statin treatment, graphically examined cholesterol values over time, and calculated percentage reduction. We examined median and quartiles of total, LDL, and HDL cholesterol at each measurement, focusing particularly on changes between the last cholesterol measurement before commencement of statin treatment and the first measurement after treatment initiation, and on cholesterol level treatment goals. These analyses were conducted for all new statin users, stratified by switching (yes/no). We also examined the proportion of patients reaching their target levels for LDL and total cholesterol at any time within the study period, stratified by level of risk for cardiovascular events (very high, high, and low to moderate). A sensitivity analysis was conducted to examine cholesterol target attainment at the very first measurement after the date of statin initiation. 
Results
rates of statin treatment
Baseline characteristics of patients at statin initiation
At statin initiation among the 161,646 patients, 98% started with simvastatin. Tables 1 and 2 show the demographic and clinical characteristics at statin initiation. The median age was 62 years. Demographic characteristics varied little between users of different statin types. Sixty percent of patients were aged between 55 and 75 years at statin initiation, and 51% were men ( Table 1 ). As expected, many patients had previous hospital-based diagnoses of heart disease and other (Table 2 ). In general, initial use of statins other than simvastatin was associated with higher baseline comorbidity.
Patterns of statin use
Patients initiated on statins during 2004-10 were on statin treatment for a median of 1,075 days, or close to 3 years.
In this period, 920 DDDs were dispensed (average daily number one statin DDD/day). The proportion of persons who received high starting doses increased during the study period. For example, the proportion of simvastatin users who started with 40 mg tablets increased from 40% in 2004 to 75% in 2010, and the proportion of rosuvastatin users who started with high doses (20 mg (9%; 1,603/18,839) . The median time from statin initiation to first statin switch was 457 days. Statin switchers had substantially more heart disease than all statin users. For example, 21% versus 11% had chronic ischemic heart disease and 11% versus 8% had a previous myocardial infarction. In contrast, the prevalence of other important comorbidities (eg, chronic obstructive pulmonary disease) was similar to that in nonswitchers. The sex and age distributions among statin switchers and nonswitchers were similar (51% males among nonswitchers and 48% among switchers; 40% aged over 65 years among nonswitchers and 39% among switchers). Among the statin initiators, 26,314 persons (16%) completely stopped their statin treatment: ie, were nonpersistent. Compared with all patients who started statins, nonpersistent patients were more likely to be very young (aged ,45 years) or very old (aged .75 years), more likely to live in small municipalities in rural areas, more likely to be divorced, andimportantly -had a slightly higher prevalence of almost all examined diagnoses of comorbidity, including cardiovascular disease (data not shown).
Changes in cholesterol and cholesterol target attainments
Among the 133,856 patients with at least one cholesterol measurement recorded prior to their first statin prescription, the most recent cholesterol measurement was, on average, 9 days (quartiles 5-28 days) before redemption of a statin prescription. Furthermore, 123,743 patients had at least one cholesterol surveillance measurement (median 80 days) after starting to use statins. The demographic and clinical characteristics of patients with and without cholesterol measurements recorded in the database were very similar, except that more patients without measurement lived in large cities (29% vs 8%), and more patients without measurement (49% vs 38%) started statin treatment early in the period (2004-06), when the laboratory database may have been less complete.
Median total cholesterol in new statin users decreased from 6.3 (quartiles 5.5-7.0) mmol/L at the most recent measurement before statin initiation to 4.5 (quartiles 3.9-5.1) mmol/L at the first measurement after initiation, and remained remarkably stable thereafter (Figure 2A) , corresponding to a reduction of 28%. Median LDL cholesterol decreased rapidly from 4.0 (quartiles 3.3-4.6) mmol/L to 2.3 (quartiles 1.9-2.8) mmol/L, corresponding to a reduction of 43%. Median HDL cholesterol remained stable at 1.4 mmol/L before and after statin initiation. Among patients who later switched statin type, there was a smaller initial decrease in cholesterol values compared with nonswitchers, and some increase in cholesterol levels after the first surveillance measurement ( Figure 2B ). Among patients who switched statin type, we observed a modest reduction in cholesterol level after their switch ( Figure 2C) . Table 3 shows attainment of target cholesterol levels by risk group. Among all statin users, 66% of patients in the very high-risk group reached their target value for total cholesterol, while corresponding figures were 74% and 80% for patients in the high-risk and low-to moderate-risk groups, respectively. When stratified by switching of statin type (yes/no), results for statin nonswitchers were comparable with the overall results. Among patients who switched statin type, the percentages attaining target cholesterol levels after the first switch and before the second were 46%, 56%, and 64% for the three risk groups, respectively. When focusing on target attainment at the very first measurement after statin initiation (averaging 3 months after statin start), 43% in the very high-risk, 49% in the high-risk, and 55% in the low-to moderate-risk groups reached total cholesterol target.
Discussion
Our population-based data show that the rate of new statin use in Northern Denmark seemed to reach a plateau and begin to decline starting in 2008, and the initiators were adherent in their use. The cumulative prevalence was 94 per 1,000 person-years at risk. The reduction in median total cholesterol and LDL cholesterol was similar to that observed in clinical trials. Following European guideline lipid goals, 66% in the very high-risk group reached target levels for overall cholesterol and 54% for LDL cholesterol. Furthermore, the increase in starting doses of statins during the observation period is also in accordance with newer treatment guidelines; 22 further examination of the impact on the changed starting doses over time is warranted, as dose is related to efficacy in lowering cholesterol. 11 We chose to examine attainment of cholesterol levels overall for the statins, since almost all new users start with simvastatin in Denmark, in accordance with Danish guidelines. Our finding that attainment of target cholesterol levels differs among patient risk groups is in line with previous real-world findings from the Netherlands. 8 Additionally, the cholesterol target level attainment in this routine clinical care setting was similar to findings from randomized controlled trials. 11 While Danish and European guidelines contain lipid goals stratified on risk, 17, 18 the newest US guidelines have removed the use of lipid goals, and suggestions have been voiced that they ought to be refined rather than removed. 23 Given that the main desired outcome of increased statin therapy is a decrease in cardiovascular events, it is interesting to note that the incidence of new myocardial infarction has continously decreased over the past 20 years in Denmark, as reported by Schmidt et al 24 based on population-based data. They only included follow-up until 2008; thus, further observation is warranted as to whether the continuing increase in statin use and the plateau from 2008 have been accompanied by a continuing decrease in cardiovascular events in Denmark.
Adherence was high in this study; both a high medication possession (MPR) and high treatment persistence were observed during our study period. Whereas others have reported clinically important declines in persistence over time, 6 only 16% among our study participants appeared to quit statin use totally. Compared with previous studies of statin initiators, our study had the advantage of a rather long follow-up time and allowed for shorter gaps of treatment. The generally high adherence observed in this study is positive news, and further examinations of predictors of adherence are warranted.
Danish guidelines state that simvastatin should be the firstline drug of choice, and it is apparent from our findings that Danish physicians adhere to these guidelines. 17 Twelve percent of patients initiated on statins switched statin type, most often from simvastatin to a more potent statin. In clinical practice, reasons for switching may include adverse side effects and/ or failure to attain target cholesterol levels. Accordingly, we observed that patients who later shifted statin type experienced less initial reduction of cholesterol levels. Unfortunately, our data did not allow us to determine whether insufficient cholesterol reduction was related to poor drug effectiveness, reduced compliance (eg, due to side effects), or choice of dose with the first statin prescribed, but we know that adherence (expressed as MPR) is comparable. Patients who later shifted statin type also had substantially more heart disease than all initiators, which may explain this group's greater difficulty in reaching their cholesterol targets.
Strengths of this study include its large size, populationbased design, and access to high-quality Danish medical databases providing a complete hospital contact, prescription, and laboratory history. Our findings are based on data from a wide range of unselected patients in the community and may be transferrable to other population-based settings. However, our registry-based population approach also has some limitations. Some statin-treated patients apparently did not present for surveillance measurements, some may have emigrated outside our data catchment area, some died, and some started statins late in the study period and were followed for only a short time. The patients without cholesterol measurement did not differ in demographic or clinical characteristics compared with the patients with cholesterol measurements. We focused on new statin users from 2004 onward, and patients who had already received statins before the start of the study were left-truncated. This may have excluded from our study early statin users in the background population with a strong medical indication for statins, and subjects who had earlier started and then entirely discontinued statins due to adverse events or lack of effect. On the other hand, having a short look-back period of only 15 months before 2004 may have artificially inflated new statin user rates in the earliest study years because of the inclusion of some previous statin users who restarted statin use during the first study years. In addition, filling a statin prescription is only a proxy for statin utilization. However, the calculated medication possession ratio in our patients was close to 1, suggesting a surprisingly high adherence to the medication in our region. Furthermore, diagnoses made in the primary care setting by patients' general practitioners were not included in our data, and our estimates of comorbidity prevalence are likely to be underestimates, as can be identified by the discrepancy between diseases and marker drugs. Another concern is that lifestyle changes such as a healthier diet and increased physical exercise are the recommended first interventions to decrease high lipid levels. Unfortunately, we had no information on such and other (eg, smoking cessation) behavioral changes. Finally, our patient risk group classification had to be modified according to data availability. In particular, we lacked data on individual risk factors necessary to evaluate the indication for statin treatment in the low-to moderate-risk group.
Conclusions
In conclusion, our population-based data from routine clinical care show that statin use is very prevalent in Northern Denmark. Cholesterol level target attainment in the community setting is similar to findings from clinical trials; however, a substantial proportion of patients, particularly those at high risk, did not reach target cholesterol levels.
